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SUMMARY 
S h o r t  t a k e o f f  and l a n d i n g  (STOL) and advanced s h o r t  t a k e o f f  and v e r t i c a l  
l a n d i n g  (STOVL) a i r c r a f t  a r e  b e i n g  pursued f o r  deployment near t h e  end o f  t h i s  
c e n t u r y .  These concepts  o f f e r  un ique c a p a b i l i t i e s  n o t  seen i n  c o n v e n t i o n a l  
a i r c r a f t :  f o r  example, s h o r t e r  t a k e o f f  d i s t a n c e s  and t h e  a b i l i t y  t o  o p e r a t e  
from damaged runways and remote s i t e s .  However, s p e c i a l  t echno logy  i s  c r i t i c a l  
t o , t h e  development o f  t h i s  un ique c l a s s  o f  a i r c r a f t .  Some o f  t h e  r e a l  i ssues  
t h a t  a r e  a s s o c i a t e d  w i t h  these  concepts a r e  h o t  gas i n g e s t i o n  and a i r f r a m e  
h e a t i n g  w h i l e  i n  ground e f f e c t s .  Over t h e  p a s t  n i n e  yea rs ,  NASA Lewis Research 
Cen te r  has been i n v o l v e d  i n  seve ra l  c o o p e r a t i v e  programs i n  t h e  9- by 15-Foot 
Low-Speed Wind Tunnel (LSWT) t o  e s t a b l i s h  a database f o r  h o t  gas i n g e s t i o n  and 
a i r f r a m e  h e a t i n g .  
T h i s  r e p o r t  p r e s e n t s  t h e  m o d i f i c a t i o n s  made i n  t h e  9- by  15-Foot LSWT - 
i n c l u d i n g  t h e  e v o l u t i o n  o f  t h e  ground p lane ,  model suppor t  system, and t u n n e l  
s i d e w a l l s  - and f low v i s u a l i z a t i o n  techn iques ,  i n s t r u m e n t a t i o n ,  t e s t  p roce-  
du res ,  and t e s t  r e s u l t s .  The 9- by  15-Foot LSWT t e s t s  were conducted w i t h  
independent  i n l e t  and exhaust  n o z z l e  c o n t r o l s  f o r  t h e  models. The t e s t s  were 
conducted a t  f u l l - s c a l e  exhaust  n o z z l e  p ressu re  r a t i o s .  The headwind v e l o c i -  
t i e s  v a r i e d  from 8 to  120 k n  depending on  t h e  concept  (STOL or STOVL). T y p i c a l  
compressor-face d i s t o r t i o n s  ( p r e s s u r e  and tempera tu re ) ,  ground p l a n e  coo tou rs ,  
and model s u r f a c e  tempera tu re  p r o f i l e s  a r e  p resen ted .  
INTRODUCTION 
Superson ic  a i r c r a f t  c o n f i g u r a t i o n s  capab le  o f  o p e r a t i n g  from remote s i t e s  
and damaged runways, and o f  u s i n g  t h r u s t  v e c t o r  ng for s h o r t  l a n d i n g  a r e  b e i n g  
i n v e s t i g a t e d  f o r  p o s s i b l e  deployment around t h e  t u r n  o f  t he  c e n t u r y .  To 
ach ieve  these  c a p a b i l i t i e s ,  t h e  techno logy  c r i t  c a l  t o  t h i s  i in ique c l a s s  zf 
a i r c r a f t  must be developed. One o f  t h e  p r o p u l s i o n  t e c h n o l o g i e s  t h a t  i s  c r i t i -  
c a l  to these concepts  i s  t h e  c o n t r o l  of  h o t  gas i n g e s t i o n  ( H G I )  and t h e  r e s u l t -  
i n g  a i r f r a m e  h e a t i n g  ( r e f s .  1 and 2 ) .  
S h o r t  t a k e o f f  and l a n d i n g  (STOL) and s h o r t  t a k e o f f  and v e r t i c a l  l a n d i n g  
(STOVL) a i r c r a f t  o p e r a t i n g  near  t h e  ground can encounter  l a rge -p ressu re  a n d / o r  
h igh - tempera tu re  d i s t o r t i o n s  due t o  H G I .  These d i s t o r t i o n s  can produce t h r u s t  
loss  and /o r  eng ine  s t a l l .  
NASA Lewis Research Center  has conducted seve ra l  H G I  and a i r f r a m e  h e a t i n g  
programs o v e r  t h e  p a s t  n i n e  y e a r s .  Over t h e  p a s t  f i v e  y e a r s ,  Lewis has been 
i m p r o v i n g  t h e  t e s t i n g  techn iques ,  t h e  i n s t r u m e n t a t i o n  requ i remen ts ,  and t h e  
q u a l i t y  of  t h e  d a t a  o b t a i n e d  fo r  H G I  t e s t i n g .  C o n c u r r e n t l y ,  a l a r g e  database 
i n  H G I  and a i r f r a m e  h e a t i n g  t e s t i n g  has been developed. Some o f  these  d a t a  a r e  
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b e i n g  used w i t h  a n a l y t i c a l  codes t o  make a p r e l i m i n a r y  assessment o f  t h e  a p p l i -  
c a b i l i t y  o f  these codes. 
T h r u s t  r e v e r s e r s ,  when dep loyed i n  ground e f f e c t s ,  t end  t o  send a t h i c k  
ground j e t  ahead o f  t h e  a i r c r a f t .  T h i s  j e t  e v e n t u a l l y  separa tes  from t h e  
ground, i s  b lown i n t o  t h e  i n l e t  f l o w - f i e l d  r e g i o n ,  and i s  i n g e s t e d  by t h e  
eng ine  i n l e t .  The p o i n t  o f  ground s e p a r a t i o n  i s  a f u n c t i o n  o f  t h e  n o z z l e  p res -  
sure  r a t i o ,  t h e  t h r u s t  r e v e r s e r  d e f l e c t i o n  ang le ,  t h e  model h e i g h t  above t h e  
ground, and t h e  f r e e - s t r e a m  v e l o c i t y .  S tewar t  and Kemmerley, and Kuhn 
( r e f s .  3 and 4) have found t h a t  t h e  t h i c k n e s s  and s t r e n g t h  o f  t h e  ground j e t s ,  
and t h e  p o s i t i o n  o f  t h e  ground v o r t e x  a r e  a f u n c t i o n  o f  t h e  t h r u s t  r e v e r s a l  j e t  
d e f l e c t i o n  f o r  STOL concepts .  
I n  g e n e r a l ,  t h e  l i f t  j e t s  for t h e  advanced STOVL concepts produce two 
sources o f  h o t  gas i n g e s t i o n  when i n  ground e f f e c t s  ( r e f s .  1 and 2 ) .  The f irst 
i s  n e a r - f i e l d  i n g e s t i o n .  N e a r - f i e l d  i n g e s t i o n  r e s u l t s  when t h e  exhaust  j e t s  
impinge on  t h e  ground and a r e  d e f l e c t e d  ou tward  and upward f o r m i n g  an upwash 
f o u n t a i n  t h a t  i n t e r a c t s  w i t h  t h e  undersu r face  o f  t h e  
f low runs  a l o n g  t h e  undersur face  of t h e  f u s e l a g e  and 
i n l e t .  The second source i s  f a r - f i e l d  i n g e s t i o n ,  wh 
exhaust  n o z z l e  ground j e t s  r u n  ahead o f  t h e  a i r c r a f t  
ground because o f  t h e  the rma l  buoyancy and headwind. 
ambient a i r  and r e t u r n s  to  t h e  i n l e t  f l ow  f i e l d  a t  a 
t h a t  o f  t h e  n e a r - f i e l d  h o t  gas i n g e s t i o n .  
Tunnel w a l l  i n t e r f e r e n c e  and premature  h e a t i n g  
and t e s t  s e c t i o n  can a l l  i n f l u e n c e  t h e  r e s u l t s .  
f u s e l  age. Some of .  t h i s  
i s  sucked i n t o  t h e  eng ine  
ch r e s u l t s  when t h e  
and separa te  from t h e  
T h i s  f low mixes w i t h  t h e  
tempera tu re  l ower  than  
f t h e  model, ground p l a n e ,  
F A C I  L I TY 
The t e s t s  were conducted i n  t h e  NASA Lewis 9- by 15-Foot Low-Speed Wind 
Tunnel (LSWT), wh ich  i s  l o c a t e d  i n  t h e  r e t u r n  l e g  o f  t h e  8- by  6-Foot Super- 
s o n i c  Wind Tunnel ( f i g .  1 ) .  The STOL t e s t s  were conducted o v e r  f r e e - s t r e a m  
v e l o c i t i e s  r a n g i n g  from 40 t o  120 kn .  The STOVL t e s t s  were conducted o v e r  two 
d i f f e r e n t  f r e e - s t r e a m  v e l o c i t y  ranges :  from 8 t o  23 kn  and from 30 to  90 kn .  
The lower  v e l o c i t i e s ,  8 t o  23 kn ,  were o b t a i n e d  by u s i n g  t h e  b lowers  l o c a t e d  
i n  t h e  d r y e r  b u i l d i n g  and by  chang ing  t h e  amount o f  t h e  open ing  o f  doors  4 
and 5 (doo rs  1 and 2 were c l o s e d )  shown i n  f i g u r e  1 .  The h i g h e r  f r e e - s t r e a m  
v e l o c i t i e s  (30 t o  120 kn)  were o b t a i n e d  by u s i n g  t h e  compressor and by s l i d i n g  
doors 1 and 2 from f u l l y  open t o  f u l l y  c l o s e d  ( f i g .  1 ) .  
MODELS AND CONFIGURATIONS 
S h o r t  T a k e o f f  and Land ing  C o n f i g u r a t i o n s  
The first STOL t e s t  c o n s i s t e d  o f  a General Dynamic 12 .5-percent -sca led  
model o f  t h e  F-16XL f o l l o w e d  by t h e  F-16, b o t h  i n  t h e  STOL demons t ra to r  c o n f i g -  
u r a t i o n  ( f i g .  2 ) .  
i n g  nozz les ,  which a r e  needed t o  o b t a i r !  t h e  r e q u i r e d  s h o r t  l a n d i n g  d i s t a n c e .  
The model nozz les  were s u p p l i e d  w i t h  h igh -p ressu re  heated  a i r  (500 O F  
(960 O R ) ) ,  and t h e  eng ine  i n l e t  flow was o b t a i n e d  by u s i n g  t h e  NASA s u c t i o n  
system. Tes t  v a r i a b l e s  i n c l u d e d  n o z z l e  mass flow ( n o z z l e  p r e s s u r e  r a t i o ) ,  
The models were equipped w i t h  t h r u s t  d e f l e c t i n g  and r e v e r s -  
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i n l e t  mass f low, n o z z l e  v e c t o r  ang le ,  a i r c r a f t  a n g l e - o f - a t t a c k  and s i d e s l i p  
ang le ,  and f o r w a r d  v e l o c i t y .  The t e s t s  were  conducted w i t h  wheels down. 
The n e x t  STOL e n t r y  c o n s i s t e d  o f  a McDonnell Douglas A i r c r a f t  7.5-percent-  
sca led  model o f  a m o d i f i e d  F-15. The model was equipped w i t h  two-dimensional  
conve rgen t -d i ve rgen t  nozz les  w i t h  canards and 10 s e t s  o f  n o z z l e  r e v e r s e r  vanes 
r a n g i n g  from 45" t o  135" ( f i g .  3 ) .  These r e v e r s e r  vanes a r e  needed t o  o b t a i n  
t h e  r e q u i r e d  s h o r t  l a n d i n g  d i s t a n c e .  
p r e s s u r e  heated a i r  (up t o  500 " F  (960 O R ) ) ,  and t h e  engine i n l e t  a i r  f low was 
c o n t r o l l e d  i ndependen t l y  by t h e  NASA Lewis s u c t i o n  system. The t e s t  v a r i a b l e s  
i n c l u d e d  nozz le  p r e s s u r e  r a t i o ,  engine i n l e t  a i r f l o w  t o  match a va lue  a p p r o p r i -  
a t e  t o  t h e  e x i s t i n g  n o z z l e  c o n d i t i o n ,  n o z z l e  a i r f l o w  tempera tu re ,  s i d e s l i p  
a n g l e ,  vane ang le ,  rudder  ang le ,  and f r e e - s t r e a m  v e l o c i t y .  Th i s  t e s t  was a l s o  
conducted i n  t h e  wheels-down mode. 
The nozz les  were s u p p l i e d  w i t h  h igh -  
S h o r t  T a k e o f f  and V e r t i c a l  Landing C o n f i g u r a t i o n  
The STOVL c o n f i g u r a t i o n  was a 9 .2 -percent -sca led  model o f  t h e  McDonnell 
Douglas A i r c r a f t  Company concept  279-3C ( f i g .  4 ) .  The model was equipped w i t h  
f o u r  s i n g l e  expansion ramp nozz les  (SERN) w i t h  v e c t o r i n g  c a p a b i l i t y  r a n g i n g  
from 0" ( f u l l  a f t  f l o w i n g )  to  100" ( n o z z l e s  a r e  p o i n t i n g  s l i g h t l y  f o r w a r d ) .  
The f o r w a r d  SERN nozz les  c o u l d  be r o t a t e d  i nboard  or o u t b o a r d  t o  f o r m  a s p l a y  
a n g l e  v a r y i n g  from -12" ( i n b o a r d )  to  18" ( o u t b o a r d ) .  The a f t  SERN nozz les  w e r e  
always a t  a 0" s p l a y  ang le .  The nozz les  w e r e  s u p p l i e d  w i t h  h igh -p ressu re  
heated a i r  r a n g i n g  from ambient to  500 " F  (960 O R ) .  
flow was i n d e p e n d e n t l y  c o n t r o l l e d  by t h e  NASA Lewis s u c t i o n  system. T e s t  v a r -  
i a b l e s  i n c l u d e d  n o z z l e  p r e s s u r e  r a t i o  ( n o z z l e  mass flow), engine i n l e t  a i r f l o w  
( i n l e t  Mach number), a n g l e - o f - a t t a c k ,  s i d e s l i p  a n g l e ,  main l a n d i n g  gear h e i g h t  
above t h e  ground p l a n e ,  n o z z l e  a i r f l o w  tempera tu re ,  canard ang le ,  f o r w a r d  noz- 
z l e  s p l a y  ang le ,  l i f t  improvement dev i ces  ( L I D ' S ) ,  and f r e e - s t r e a m  ve loc i ty .  
T h i s  t e s t  was a l s o  conducted i n  the  wheels-down mode w i t h  t h e  e x c e p t i o n  o f  a 
s e r i e s  o f  runs  where t h e  l a n d i n g  gears were  removed t o  o b t a i n  touch-down d a t a .  
The engine i n l e t  mass 
MODEL-SUPPORT SYSTEMS 
S h o r t  Takeoff and Landing Suppor t  System 
A schematic o f  t he  s i d e  and t o p  v i e w  o f  t he  F-16XL/F-16 model i n s t a l l e d  
i n  t h e  wind tunne l  i s  shown i n  f i g u r e  5 .  The model was s t i n g  mounted on t h e  
NASA Lewis s tandard  s u c t i o n  suppor t  system. The model was l o c a t e d  a p p r o x i -  
m a t e l y  48 i n .  from t h e  tunne l  s i d e w a l l  and had a p i t c h  range from 0" t o  20" and 
s i d e s l i p  ang le  f r o m  0" to  15".  A s  s t a t e d  e a r l i e r ,  t h e  i n l e t  a i r f l o w  was sup- 
p l i e d  by t h e  NASA Lewis s u c t i o n  sys tem and t h e  model n o z z l e  was s u p p l i e d  w i t h  
h igh -p ressu re  h o t  a i r f l o w .  The n o z z l e  supp ly  system was l o c a t e d  on t h e  a f t  end 
of  t h e  suct ion-model suppor t  system, which i s  downstream of t h e  model and a f t  
of t h e  t e s t  s e c t i o n .  
A t h r e e - q u a r t e r s  f r o n t  v iew o f  t h e  m o d i f i e d  F-15 i s  shown i n  f i g u r e  6. 
The model was suppor ted by t w i n  f l o w - t h r o u g h  s t i n g s .  These s t i n g s  were mount- 
ed from the  NASA Lewis s tandard  s u c t i o n  suppor t  system t o  a co re  hardware yoke 
t h a t  suppor ted t h e  a i r f r a m e .  The yoke moved the  model t o  t h e  c e n t e r l i n e  o f  t h e  
t e s t  s e c t i o n ,  90.50 i n .  from the  t u n n e l  s i d e w a l l s .  The model had a p i t c h  range 
up t o  30" and a s i d e s l i p  ang le  r a n g i n g  from 0" t o  -30". The f low- th rough s t i n g  
3 
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c o n t a i n e d  mass f low p l u g s  t o  s e t  t h e  eng ine  i n l e t  a i r f l o w .  
p ressu re  a i r f l o w  system was mounted on t h e  a f t  end o f  t h e  suppor t  system down- 
s t ream o f  t h e  t e s t  s e c t i o n .  
The n o z z l e  h i g h -  
S h o r t  T a k e o f f  and V e r t i c a l  Land ing  Suppor t  Sys tem 
f i g u r e  7 ( a >  c o n t a i n s  a v iew  o f  model 279-3C i n s t a l l e d  i n  t h e  9- by 15-Foot 
LSWT on t h e  model s u p p o r t  system. The model suppor t  system i n c l u d e d  t h e  h igh -  
p r e s s u r e  h o t  (500 " f  (960 O R > >  a i r  l i n e s  and a s u c t i o n  l i n e  t h a t  p r o v i d e d  t h e  
eng ine  i n l e t  a i r f l o w .  
spacers between t h e  upper and lower  f l a n g e s  and a d j u s t i n g  t h e  j a c k  screws. 
z l e s .  
t i o n  l i n e s .  
b a l l  j o i n t ,  l o c a t e d  below t h e  lower  f l a n g e .  
The model h e i g h t  was v a r i e d  by chang ing  t h e  number o f  
The h igh -p ressu re  a i r  l i n e s  p r o v i d e d  t h e  a i r f l o w  fo r  t h e  model SERN noz- 
The s u c t i o n  d u c t  a l s o  p r o v i d e d  suppor t  f o r  t h e  h o t  a i r  and ins t rumen ta -  
P i t c h ,  r o l l ,  and yaw were a d j u s t e d  by chang ing  t h e  p o s i t i o n  of  t h e  
W a t e r - I n j e c t i o n  System 
A w a t e r - i n j e c t i o n  s y s t e m  was used t o  conduct  f low v i s u a l i z a t i o n  t e s t i n g .  
Water was i n j e c t e d  i n t o  unheated n o z z l e  a i r f l o w  where i t  was atomized. 
p l a t e s  l o c a t e d  i n  t h e  n o z z l e  a i r - s u p p l y  l i n e s  he lped  t o  a tomize  t h e  f low. 
White l i g h t  i l l u m i n a t i o n  was used t o  a l l o w  t h e  f low f i e l d  t o  be v i s u a l i z e d .  
s i m p l i f i e d  schematic o f  t h e  water  i n j e c t i o n  s y s t e m  i s  shown i n  f i g u r e  7 ( b > .  
Porous 
A 
TEST SECTION M O D I F I C A T I O N S  
The c u r r e n t  t e s t  s e c t i o n  c o n f i g u r a t i o n  has evo lved  th rough  a s e r i e s  of 
m o d i f i c a t i o n s  t o  improve t h e  h a n d l i n g  o f  t h e  g r o u n d - j e t  flow o f  h o t  gases from 
t h e  n o z z l e s .  These m o d i f i c a t i o n s  were made t o  t h e  s i d e w a l l ,  t h e  ground p l a n e ,  
and t o  t h e  model i n s t a l l a t i o n  system. 
S i d e w a l l  B leed System 
The 9- by  15 - foo t  LSWT t e s t  s e c t i o n  s i d e w a l l s  a r e  s l o t t e d .  D u r i n g  t h e  sec- 
ond STOL and t h e  STOVL t e s t s ,  a h o r i z o n t a l  row o f  p a n e l i n g  was removed a l o n g  
each s i d e w a l l  a t  a p p r o x i m a t e l y  the  h e i g h t  o f  t h e  ground p lane  ( f i g .  8). The 
removal o f  these pane ls  p reven ted  t h e  ground h o t  a i r f l o w  from h i t t i n g  t h e  t e s t  
s e c t i o n  s i d e w a l l s  and r e c i r c u l a t i n g  i n  t h e  t e s t  s e c t i o n .  The ground a i r f l o w  
e x i t e d  t h e  t e s t  s e c t i o n  th rough  the  s i d e w a l l s  and r e t u r n e d  t o  t h e  wind t u n n e l  
downstream o f  t h e  model suppor t  system. The removal o f  t h e  s i d e w a l l s  a l s o  min- 
im ized  t h e  h o t  a i r f l o w  h e a t i n g  o f  t h e  t e s t  s e c t i o n .  
Ground Plane 
f i g u r e  9 shows a schematic o f  t h e  t h r e e  ground p lanes  used fo r  STOL and 
STOVL model t e s t s .  
The minimum h e i g h t  o f  t h e  ground p lane  w i t h  t h e  F-16 models was 40.70 i n .  
from t h e  t u n n e l  f loor .  When t h e  a n g l e - o f - p i t c h  i nc reased ,  t h e  h e i g h t  of t h e  
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ground p l a n e  was a l s o  i nc reased  as shown i n  f i g u r e  5 ( a > .  For  example, a t  a 20" 
p i t c h  t h e  ground p l a n e  h e i g h t  was inc reased  t o  approx ima te l y  61.00 i n .  The 
ground p l a n e  was 180 i n .  wide by 96 i n .  l ong .  
The ground p l a n e  used w i t h  t h e  F-15 sca led  model was a m o d i f i c a t i o n  of 
t h e  one used w i t h  t h e  F-16 t e s t s .  The ground p lane  l e n g t h  was i n c r e a s e d  t o  
156 i n . ,  and t h e  w i d t h  remained t h e  same (180 i n . ) .  The ground p l a n e  h e i g h t  
was f i x e d  a t  40.70 i n .  above t h e  wind t u n n e l  f l oo r .  
The ground p l a n e  f o r  t h e  STOVL model was unchanged i n  w i d t h ,  b u t  t h e  
l e n g t h  was inc reased  t o  a p p r o x i m a t e l y  336 i n .  The ground p l a n e  a l s o  c o n t a i n e d  
a s l i d i n g  t r a p  door  w i t h  a scavenging system c o n t r o l l e d  by  two e j e c t o r s  l o c a t e d  
a t  t h e  a f t  end o f  t h e  d u c t  under t h e  s l i d i n g  t r a p  door .  The t r a p  door  was open 
when t h e  n o z z l e  p ressu re  r a t i o  and tempera ture  were b e i n g  s e t  and was c l o s e d  
a f t e r .  
INSTRUMENTATION 
The i n s t r u m e n t a t i o n  used i n  t h e  f a c i l i t y ,  on t h e  STOL and STOVL models,  
and on  t h e  ground p l a n e  i s  p resen ted  n e x t .  
F a c i l i t y  I n s t r u m e n t a t i o n  
The STOL models used a t o t a l  s t a t i c - p r e s s u r e  r a k e  l o c a t e d  i n  t h e  t e s t  
s e c t i o n  ahead o f  t h e  model and on  t h e  tunne l  c e n t e r l i n e  i n  t h e  c e i l i n g ,  
( f i g .  1 0 ( a ) > .  The f r e e - s t r e a m  v e l o c i t y  was c a l c u l a t e d  from t h i s  t o t a l  s t a t i c -  
p r e s s u r e  r a k e .  
The STOVL model used a p r o p e l l e r  anemometer t o  de termine t h e  f r e e - s t r e a m  
v e l o c i t i e s  up t o  95 kn, ( f i g .  1 0 ( b > > .  S t r i p s  o f  thermocouple taps  were l o c a t e d  
on  t h e  t u n n e l  s i d e w a l l s  and c e i l i n g ,  and a s t r i p  o f  s t a t i c - p r e s s u r e  taps  was 
l o c a t e d  i n  t h e  t e s t  s e c t i o n  c e i l i n g .  
I n s t r u m e n t a t i o n  f o r  Models 
S h o r t  t a k e o f f  and l a n d i n g  model. - The F-16XL and F-16 had s t e a d y - s t a t e  
i n s t r u m e n t a t i o n ,  b o t h  p ressu re  and tempera ture  measurements. A compressor-face 
r a k e  c o n s i s t e d  o f  e i g h t  l e g s  w i t h  f i v e  r i n g s  each ( f i g .  l l ( a ) ) .  Each r i n g  con- 
s i s t e d  of a l t e r n a t i n g  t o t a l  p ressu re  and thermocouple p robes .  The s t e a d y - s t a t e  
p ressu res  were measured by 20 t o t a l - p r e s s u r e  probes l o c a t e d  i n  t h e  compressor 
face r a k e .  E i g h t  w a l l  s t a t i c - p r e s s u r e  probes were l o c a t e d  a t  t h e  compressor 
face, and fou r  s t a t i c - p r e s s u r e s  probes were l o c a t e d  on  t h e  t h r u s t  r e v e r s e r s .  
The compressor face r a k e  a l s o  c o n t a i n e d  20 thermocouples.  The v e r t i c a l  t a i l  
c o n t a i n e d  16 thermocouples,  and t h e  t h r u s t  r e v e r s e r s  had 4 thermocouples 
( f i g .  l l ( b > > .  
The F-15 c o n t a i n e d  b o t h  s teady -s ta te  p ressu re  and tempera ture  i ns t rumen ta -  
t i o n s  ( f i g .  12 ) .  F i g u r e  12(a> shows a summary o f  t h e  i n s t r u m e n t a t i o n  on  t h e  
model. The i n s t r u m e n t a t i o n  on  t h e  v e r t i c a l  t a i l s  i s  shown i n  f i g u r e  12 (b> .  
The i n l e t  c o n t a i n e d  e i g h t  t o t a l - p r e s s u r e  probes and e i g h t  thermocouples ( f o u r  
s e t s  p e r  i n l e t ) .  Each compressor-face r a k e  c o n t a i n e d  24 t o t a l - p r e s s u r e ,  and 
24 t o t a l - t e m p e r a t u r e  probes :  There were e i g h t  r a k e  l e g s  p e r  compressor- face, 
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with each leg containing three total pressure probes and three thermocouples. 
The upper fuselage contained 10 thermocouples, and the lower fuselage had 16. 
The vertical tails had a total of 30 thermocouples ( 1 5  each), and the horizon- 
tal tails had 16 thermocouples. The nozzle exits had a total of four thermo- 
couples and four total-pressure probes, plus the jet airflow supply contained 
eight thermocouples and eight total pressure probes. A grand total of 68 
total pressures, 60 total temperatures, and 80 surface temperatures were meas- 
ured on the model. 
probes, 4 total-temperature probes, and 1 static-pressure probe. 
The mass flow plugs for each inlet had 48 total-pressure 
Short takeoff and vertical landinq model. - Model 279-3C contained both 
steady-state pressure and temperature probes. 
fuselage sections. The forward fuselage (fig. 13(a>> consisted of the nose 
cone assembly, nose gear, inlet centerbody, canopy, main and auxiliary inlets, 
and midinlet section. The instrumentation consisted of three rakes: 
The model was made up of three 
(1) The nose cone measured the local free-stream conditions. 
( 2 )  The inlet plane undersurface measured the temperature profile under 
the model approaching the inlet region. 
( 3 )  The compressor face rake measured the inlet temperature distortion and 
rise. This rake was also used to determine the compressor face pressure dis- 
tortion and recovery. 
Static-pressure taps were located along the undersurface centerline and also 
in the vicinity of the inlet. 
The center fuselage section (fig. 13(b>> contained the nozzle plenums, 
nozzles, air supply lines, wings, main landing gear, nozzle ramps, and LID's. 
The instrumentation in this section consisted of two total-pressure probes, two 
total-temperature probes, and eight exit-plane static-pressure taps in each of 
the four nozzles. Stati c-pressure taps located along the undersurface center- 
line are shown i n  figure 13(c). 
The aft fuselage (fig. 13(d>> consisted of a cover and a lower body sec- 
tion. During the hot gas ingestion and airframe heating test, the aft fuse- 
lage did not contain instrumentation. However, during the structural acoustic 
test, the center and aft fuselage sections had high-response pressure instru- 
mentations located along the undersurface centerline (fig. 13(d>>. 
Test variables included nozzle pressure ratio (nozzle mass flow), inlet 
airflow (inlet Mach number), angle-of-attack, sideslip angle, main landing gear 
height above the ground plane, nozzle airflow temperature, canard angle, for- 
ward nozzle splay angle, L I D ' s ,  and free-stream velocity. This test was also 
conducted in the wheels-down mode, with the exception of a series of runs where 
the landing gears were removed to obtain touch-down data. The relationship of 
the instrumentation to the model i s  shown in figure 14(a>. The three instru- 
mented sections represent the model at 0", 15", and 30" yaw angles. There were 
a total of 14 temperature and 48 pressure taps per panel. Total pressure rakes 
were also located on the ground plane (figs. 6 and 14). 
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Ground Plane I n s t r u m e n t a t i o n  
The ground p l a n e  was ins t rumen ted  f o r  t h e  m o d i f i e d  F-15 and 279-3C models. 
The ground p l a n e  f o r  t h e  STOVL model (279-3C) was e x t e n s i v e l y  i ns t rumen ted  w i t h  
p r e s s u r e  and tempera tu re  r a k e s ,  s t a t i c - p r e s s u r e  taps ,  and temperature t a p s .  
The thermocouples were i n s u l a t e d  from t h e  ground p l a n e  t o  p r e v e n t  conduc t ion  
e f f e c t s .  F i g u r e  15 shows t h e  l a y o u t  o f  t h e  ground p l a n e  i n s t r u m e n t a t i o n  and 
rakes .  
TEST PROCEDURE 
S h o r t  T a k e o f f  and Landing Tests  
I n  g e n e r a l ,  a l l  o f  t h e  STOL t e s t i n g  i n  t h e  9- by 15-FOOt LSWT used t h e  
same t e s t  procedure.  A l l  t e s t  d a t a  were  taken a t  s t e a d y - s t a t e  c o n d i t i o n s  w i t h  
t h e  model a t t i t u d e  f i x e d .  The p lanned t e s t  c o n f i g u r a t i o n  was set-up manua l l y .  
The v a r i a b l e  parameters for a t e s t  sequence i n c l u d e d  n o z z l e  p r e s s u r e  r a t i o ,  
n o z z l e  tempera tu re ,  compressor- face Mach number, p i t c h  a n g l e ,  yaw ang le ,  and 
f r e e - s t r e a m  v e l o c i t y .  
I n  g e n e r a l ,  STOL t e s t s  proceeded as follows: 
( 1 )  A p r e t e s t  d a t a  p o i n t  was taken t o  v e r i f y  i n s t r u m e n t a t i o n  o p e r a t i o n .  
( 2 )  The f a c i l i t y  n a t u r a l  gas a i r - s u p p l y  h e a t e r  was s t a r t e d  and b r o u g h t  up 
t o  t h e  d e s i r e d  ( t e s t )  t empera tu re .  U s u a l l y  ( a t  t h e  b e g i n n i n g  of t h e  t e s t  
o n l y ) ,  t h e  h igh -p ressu re  a i r  l i n e  was vented e x t e r n a l  to  t h e  wind t u n n e l  u n t i l  
a temperature c l o s e  to  t h e  t e s t  temperature was reached. The h igh -p ressu re  a i r  
was t h e n  r o u t e d  i n t o  t h e  t e s t  s e c t i o n  and vented i n t o  t h e  d i f f u s e r  s e c t i o n  of 
t h e  wind t u n n e l  u n t i l  t h e  t e s t  temperature was reached. Meanwhile, j u s t  before 
v e n t i n g  i n  t h e  d i f f u s e r ,  t h e  i n l e t  s u c t i o n  f low was s e t  t o  o b t a i n  n e a r l y  t h e  
d e s i r e d  compressor- face Mach number. Also, t h e  model c o n t r o l  person would 
c y c l e  t h r o u g h  t h e  n o z z l e  p r e s s u r e  r a t i o  s e t t i n g s  to  o b t a i n  a rough v a l v e  p o t  
s e t t i n g .  T h i s  a l l o w e d  t h e  n o z z l e  p r e s s u r e  r a t i o s  t o  be s e t  more q u i c k l y  once 
t h e  h igh -p ressu re  a i r  was up t o  tempera tu re .  
( 3 )  The c o n t r o l  v a l v e ( s )  were c l o s e d  and t h e  h igh -p ressu re  air f lowed 
t h r o u g h  t h e  n o z z l e s .  A n o z z l e  p r e s s u r e  r a t i o  was q u i c k l y  s e t ,  and t h e  i n l e t  
Mach number was a d j u s t e d  a l o n g  w i t h  t h e  f r e e - s t r e a m  v e l o c i t y .  
(4) The i n l e t  temperature r i s e  was mon i to red  f o r  t he  s t e a d y - s t a t e  cond i -  
t i o n .  When t h e  i n l e t  t empera tu re  r i s e  l e v e l e d  o f f ,  t h e  s t e a d y - s t a t e  c o n d i t i o n  
was reached, and d a t a  r e a d i n g s  were taken .  
(5) A f t e r  t h e  d a t a  were taken,  t h e  n o z z l e  a i r f l o w  was vented a f t  i n t o  d i f -  
f u s e r ,  and t h e  n e x t  t e s t  c o n d i t i o n  was s e t  up. The remainder  o f  t h e  t e s t i n g  
repea ted  s teps  ( 3 )  t h rough  ( 4 )  above. 
S h o r t  T a k e o f f  and V e r t i c a l  Landing Tes ts  
The STOVL t e s t  program i n  the  9- by 15-Foot LSWT used an e l a b o r a t e  ground 
p l a n e  w i t h  a s l i d i n g  t r a p  door  under t h e  model. The t r a p  door  a l t e r n a t e d  t h e  
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preda ta  and da ta  r e c o r d i n g  c o n d i t i o n s .  
s t a t e  c o n d i t i o n s  w i t h  model a t t i t u d e  f i x e d .  The p lanned t e s t  c o n f i g u r a t i o n  was 
s e t  up manua l ly .  The model a t t i t u d e ,  t h e  main l a n d i n g  gear h e i g h t  above t h e  
ground p lane,  and the  yaw, r o l l ,  and p i t c h  ang les  were p r e s e t  b e f o r e  t h e  t e s t .  
The v a r i a b l e  parameters f o r  a t e s t  sequence i n c l u d e d  t h e  n o z z l e  p r e s s u r e  r a t i o ,  
t h e  nozz le  tempera ture ,  t h e  compressor-face Mach number, and t h e  f ree -s t ream 
v e l o c i t y .  
A l l  t e s t  d a t a  w e r e  t aken  a t  s teady-  
I n  genera l ,  advanced STOVL t e s t s  proceeded as fo l lows:  
( 1 )  A p r e t e s t  d a t a  p o i n t  was taken  t o  v e r i f y  i n s t r u m e n t a t i o n  o p e r a t i o n .  
( 2 )  The t r a p  door was open, and t h e  e j e c t o r s  t h a t  v e n t i l a t e d  t h e  t r a p  door  
scavenging system were a c t i v a t e d .  
( 3 )  The i n l e t  s u c t i o n  f low was s e t  t o  o b t a i n  t h e  d e s i r e d  compressor-face 
Mach number. 
( 4 )  The nozz le  h igh-pressure  a i r  supp ly  system was a c t i v a t e d ,  and each 
n o z z l e  p ressu re  r a t i o  was s e t  to  a p p r o x i m a t e l y  4.0 f o r  model h e a t  up. 
(5) The f a c i l i t y  n a t u r a l  gas a i r - s u p p l y  h e a t e r  was s t a r t e d  and b r o u g h t  up 
t o  i t s  maximum tempera ture  o f  810 O F  (1270 O R ) .  
v i d e d  approx ima te l y  630 O F  (1090 O R >  a t  the  control s t a t i o n  ( l o c a t e d  i n  t h e  
f o r w a r d  s e c t i o n  o f  t h e  d i f f u s e r )  and 500 O F  (960 O R >  a t  t h e  model. 
T h i s  tempera tu re  l e v e l  p ro -  
(6) The i n l e t  s u c t i o n  a i r f l o w ,  n o z z l e  p r e s s u r e  r a t i o s ,  and n o z z l e  tempera- 
t u r e s  were a d j u s t e d  a c c o r d i n g  t o  t h e  t e s t  p l a n .  
s e t  a t  t h e  d e s i r e d  c o n d i t i o n .  
The f r e e - s t r e a m  v e l o c i t y  was 
(7) A r e f e r e n c e  d a t a  p o i n t  was taken  ( r e c o r d e d ) ,  and t h e n  t h e  t r a p  door  
was c losed .  
(8 )  The average i n l e t  t empera tu re  r i s e  was m o n i t o r e d  on a s c r o l l i n g  v i d e o  
p l o t  ( i n l e t  tempera ture  r i s e  versus  t i m e )  t o  e s t a b l i s h  s t e a d y - s t a t e  c o n d i t i o n s .  
The s teady -s ta te  c o n d i t i o n  o c c u r r e d  when the  i n l e t  t empera tu re  r i s e  l e v e l e d - o f f  
w i t h  t ime.  
(9) The t r a p  door was opened, and s teps  (6) t h r o u g h  ( 9 )  were r e p e a t e d  
u n t i l  t he  t e s t  p l a n  was completed. 
TEST RESULTS 
The d a t a  p resented  i n  t h i s  s e c t i o n  ( f i g s .  16 t o  2 2 )  show t h e  t y p i c a l  
r e s u l t s  t h a t  were o b t a i n e d  th roughou t  t h e  STOL and STOVL programs, w i t h  t h e  
excep t ion  o f  the  F-16. The F-16 d a t a  were not a v a i l a b l e  for d i s t r i b u t i o n .  
The i n l e t  d i s t o r t i o n  parameter i s  t he  r a t i o  o f  the  d i f f e r e n c e  between t h e  
maximum and minimum compressor- face tempera tures  or p ressu res  (depend ing  on t h e  
parameter)  d i v i d e d  by t h e  average compressor- face t o t a l  t empera tu re  or p res-  
sure .  The i n l e t  tempera ture  r i s e  i s  t h e  d i f f e r e n c e  between t h e  average i n l e t  
temperature and t h e  re fe rence ambient tempera ture .  The p r e s s u r e  r e c o v e r y  i s  
t h e  compressor-face average t o t a l  p r e s s u r e  d i v i d e d  by  t h e  f ree -s t ream t o t a l  
p ressu re .  
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S h o r t  Takeoff and Land ing  R e s u l t s  
Compressor f a c e  con tou rs .  - The h o t  gas i n g e s t i o n  c h a r a c t e r i s t i c s  a r e  
shown i n  f i g u r e  16 f o r  t h e  m o d i f i e d  F-15 STOL c o n f i g u r a t i o n .  Data  a r e  shown 
for  100 kn, a r e v e r s e r  ang le  o f  135", and a n o z z l e  p r e s s u r e  r a t i o  o f  2.70. 
Contour p l o t s  a r e  shown fo r  t h e  i n l e t  tempera ture  r i s e  ( f i g .  1 6 ( a > >  and p res -  
sure  recove ry  ( f i g .  16 (b ) )  a t  t h e  compressor f a c e .  These r e s u l t s  a r e  t y p i c a l  
f o r  b o t h  the  l e f t  and r i g h t  compressor f a c e s .  The presence o f  h o t  gas i nges -  
t i o n  was de termined by t h e  i n l e t  t empera tu re  across  t h e  compressor f a c e  f o r  t h e  
t e s t  c o n d i t i o n s .  I n  genera l ,  h o t  gas i n g e s t i o n  o c c u r r e d  a t  a f u l l  r e v e r s e  vane 
ang le  o f  135" and a t  h i g h  n o z z l e  p r e s s u r e  r a t i o s  o v e r  t h e  f r e e - s t r e a m  v e l o c i t y  
range .  
r a t i o  reduced the  h o t  gas i n g e s t i o n .  
Reducing the  r e v e r s e  vane ang le  and the  co r respond ing  n o z z l e  p r e s s u r e  
V e r t i c a l  t a i l  tempera ture  c o n t o u r  a t  z e r o  yaw. - The f i r s t  p a r t  o f  t h e  
t e s t  was conducted w i t h  o n l y  t h e  upper r e v e r s e r  p o r t s  o p e r a t i n g .  T h i s  p r o v i d e d  
d a t a  on the  tempera ture  e f f e c t s  on t h e  v e r t i c a l  t a i l s .  A t y p i c a l  t empera tu re  
c o n t o u r  p l o t  i s  shown i n  f i g u r e  17 (a> .  I n  genera l ,  t h e  maximum tempera tu re  on  
t h e  v e r t i c a l  t a i l s  was a p p r o x i m a t e l y  380 O F  (840 O R ) .  T h i s  would co r respond  t o  
an eng ine  i n t e r m e d i a t e  power s e t t i n g .  T h i s  maximum tempera tu re  i s  w i t h i n  t h e  
des ign  l i m i t s  fo r  t h e  v e r t i c a l  t a i l s .  
Lower s u r f a c e  c e n t e r l i n e  tempera tu re  d i s t r i b u t i o n .  - The second p a r t  o f  
t h e  t e s t  was conducted w i t h  o n l y  t h e  lower  r e v e r s e r  p o r t s  o p e r a t i n g .  T h i s  p ro -  
v i d e d  d a t a  on the  h o t  gas i n g e s t i o n ,  if any, o f  t h e  r e v e r s e r  p o r t  vane ( a n g l e )  
c o n f i g u r a t i o n .  A t y p i c a l  tempera ture  d i s t r i b u t i o n  i s  shown i n  f i g u r e  17(b> 
a l o n g  t h e  model undersu r face  c e n t e r l i n e .  A t  t h e  maximum n o z z l e  p r e s s u r e  r a t i o  
co r respond ing  t o  the  eng ine  i n t e r m e d i a t e  power, t h e  l ower  s u r f a c e  tempera tu re  
d i s t r i b u t i o n  showed t h a t  c e r t a i n  r e g i o n s  may see f u l l - s c a l e  tempera tu res  as 
h i g h  as 7140 O F  (7600 O R ) .  
Ground p lane  tempera ture  and p ressu re  c o n t o u r s .  - The ground p l a n e  was 
ins t rumen ted  around t h e  model w i t h  b o t h  p ressu re  and tempera tu re  t a p s .  T y p i c a l  
p ressu re  and tempera ture  p l o t s  a r e  shown i n  f i g u r e  18. S ince  t h e r e  were a l i m -  
i t e d  number o f  thermocouple channels a v a i l a b l e ,  o n l y  two rows o f  tempera tu re  
taps  were i n s t a l l e d  between t h e  nozz les  and the  i n l e t  r e g i o n s .  A t y p i c a l  tem- 
p e r a t u r e  p r o f i l e  i s  shown i n  f i g u r e  18(a) .  The tempera tu re  r a t i o  v a r i e d  from 4 
a t  t h e  nozz le  e x i t  t o  about  1 .8  a t  t h e  i n l e t  p lane .  The ground p l a n e  p r e s s u r e  
c o n t o u r  p l o t  ( f i g .  18 (b )>  i s  l e s s  than  ambien t ,  hence i n d i c a t i n g  a suckdown 
r e g i o n  under t h e  model. Th i s  low-pressure  r e g i o n  i n d i c a t e s  t h a t  t h e r e  i s  l i t -  
t l e  v e l o c i t y  decay i n  t h e  r e v e r s e r s  flow. 
S h o r t  Takeo f f  and V e r t i c a l  Land ing  R e s u l t s  
Compressor-face c o n t o u r s .  - The d a t a  f o r  t h e  STOVL c o n f i g u r a t i o n  (model 
279-3C) i s  shown a t  23 k n  f ree -s t ream v e l o c i t y  and f o r  a n o z z l e  p r e s s u r e  r a t i o  
o f  3.05 f o r  the  f r o n t  nozz les  and o f  3.15 fo r  t h e  a f t  n o z z l e s .  The i n l e t  tem- 
p e r a t u r e  r i s e  contour  a t  the  compressor f a c e  i s  shown i n  f i g u r e  19 (a> .  I n  gen- 
e r a l ,  t h e  h i g h e r  tempera tures  o c c u r  a t  t h e  lower  r e g i o n  o f  the  i n l e t .  T h i s  i s  
an i n d i c a t i o n  t h a t  t he  near f i e l d  ( f o u n t a i n )  i s  t h e  b i g  c o n t r i b u t o r .  The tem- 
p e r a t u r e  d i s t o r t i o n  a t  t h i s  c o n d i t i o n  was 10.3 p e r c e n t ,  and t h e  i n l e t  tempera- 
t u r e  r i s e  was 44 O F  (604 O R ) .  The p r e s s u r e  r e c o v e r y  c o n t o u r  a t  t he  compressor 
f a c e  i s  p resented  i n  f i g u r e  19(b>.  The low-pressure  r e c o v e r y  o c c u r s  i n  t h e  t o p  
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o f  the  compressor f a c e .  
0.983, and the  p ressu re  d i s t o r t i o n  was 5.2 p e r c e n t .  
The average p ressu re  r e c o v e r y  f o r  t h i s  c o n d i t i o n  was 
Undersur face  c e n t e r l i n e  tempera ture  d i s t r i b u t i o n .  - A t y p i c a l  u n d e r s u r f a c e  
a i r  tempera ture  d i s t r i b u t i o n  i s  shown i n  f i g u r e  20. The d a t a  r e p r e s e n t  a c l e a n  
c o n f i g u r a t i o n  ( t h a t  i s ,  w i t h o u t  L I D ' S )  when the  model was i n  ground e f f e c t s .  
The a i r  tempera ture  on t h e  undersu r face  o f  t h e  model v a r i e d  from 440 t o  240 O F  
(900 t o  700 O R )  near  t h e  lower  i n l e t  s e c t i o n .  The a i r  tempera ture  i n  t h e  
r e g i o n  o f  t h e  i n l e t  can be reduced by u s i n g  L I D ' S  t o  d e f l e c t  t h e  h o t  a i r  away 
from t h e  model s u r f a c e  ( r e f .  2 ) .  
Ground p lane  tempera ture  and p ressu re  c o n t o u r s .  - Both  a i r  t empera tu re  and 
s t a t i c - p r e s s u r e  ground p lane  con tou r  maps a r e  shown i n  f i g u r e  21(a)  and ( b ) ,  
r e s p e c t i v e l y .  The r e s u l t s  a r e  t y p i c a l  when the  model was w i t h i n  ground 
e f f e c t s .  The tempera ture  con tou r  p l o t  i n d i c a t e s  t h a t  t h e  h o t t e r  r e g i o n s  were 
near  t h e  model c e n t e r l i n e  and a t  t he  j e t  impingement p o i n t s  on t h e  ground 
p lane .  Consequent ly,  t h e  h o t t e r  r e g i o n s  were a l s o  t h e  areas of h igh -p ressu re  
as shown i n  f i g u r e  2 1 ( b ) .  
Flow v i s u a l i z a t i o n .  - C h a r a c t e r i s t i c s  t y p i c a l  o f  t h e  n e a r - f i e l d  h o t  gas 
i n q e s t i o n  a r e  shown i n  f i q u r e  22 (a ) .  T h i s  i s  a t h r e e - q u a r t e r s  v iew  o f  t h e  
c l e a n  c o n f i g u r a t i o n  w i t h  a -6"  s p l a y  ang le .  
two j e t s  meet, a f o u n t a i n  i s  formed. If t h e r e  a r e  more than  two j e t s ,  a foun -  
t a i n  i s  formed between each p a i r  and a c e n t r a l  f o u n t a i n  i s  formed when t h e  flow 
from a l l  f o u r  j e t s  meet. F i g u r e  22(b) shows a t y p i c a l  f a r - f i e l d  s e p a r a t i o n  
zone. The t u f t s  on t h e  ground p lane  p o i n t i n g  toward  t h e  model a r e  ups t ream o f  
t h e  s e p a r a t i o n  zone, under t h e  i n f l u e n c e  o f  t h e  headwind v e l o c i t y .  The t u f t s  
p o i n t i n g  away from t h e  model a r e  under t h e  i n f l u e n c e  o f  t h e  exhaust  n o z z l e  a i r -  
f low,  downstream o f  t h e  s e p a r a t i o n  zone. I n  g e n e r a l ,  t h e  i n f l u e n c e  o f  t h e  
ground j e t  was c o n f i n e d  l a t e r a l l y  by t h e  headwind v e l o c i t y .  
observed i n  f i g u r e  22(b) a t  t h e  t o p  r e g i o n  where t h e  t u f t s  a r e  p a r a l l e l  t o  t h e  
s e p a r a t i o n  zone b u t  p o i n t  a f t .  
When t h e  ground a i r f l o w  from t h e  
T h i s  can be 
THE NEXT STEP 
The n e x t  normal e v o l u t i o n  t o  t h e  9- by 15-Foot Low-Speed Wind Tunnel 
would be t o  a l t e r  t h e  model suppor t  system and improve t h e  h igh -p ressu re  a i r  
tempera ture  l e v e l .  F i g u r e  23 shows a schematic o f  the  proposed model i n t e -  
g r a t e d  suppor t  system ( M I S S )  and of the  d i f f e r e n t  c o n f i g u r a t i o n s  t h a t  i t  c o u l d  
accommodate. M I S S  would have f o u r  degrees o f  f reedom ( p i t c h ,  r o l l ,  yaw, and 
v e r t i c a l  h e i g h t  ad jus tmen t )  r e m o t e l y  o p e r a t e d  from the  c o n t r o l  room. MISS 
would a l s o  have h igh-pressure  a i r  up t o  1000 O F  (1460 O R >  u s i n g  t h e  e x i s t i n g  
s u c t i o n  system (used t o  s i m u l a t e  i n l e t  a i r f l o w ) .  The upgrade t o  the  9- by 
15-Foot LSWT would i n c l u d e  a l a s e r  Dopp ler  v e l o c i m e t e r ,  a l a s e r  sheet  system, 
and the  NASA Lewis t h e r m o v i s i o n  system. Wi th  these improvements, a t e s t  i n  t h e  
NASA Lewis 9- by 15-Foot LSWT shou ld  y i e l d  d a t a  t h a t  w i l l  g i v e  t h e  complete 
p h y s i c s  o f  t h e  t e s t  i n  b o t h  measurements and v i s u a l i z a t i o n .  
CONCLUDING REMARKS 
a 
The m o d i f i c a t i o n s  made i n  the  NASA Lewis 9- by 15-Foot LSWT - i n c l u d i n g  
t h e  e v o l u t i o n  o f  t he  ground p lane ,  model suppor t  system, and t u n n e l  s i d e w a l l s ;  
and flow v i s u a l i z a t i o n  techn iques ,  i n s t r u m e n t a t i o n  t e s t  p rocedures ,  and t e s t  
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r e s u l t s  have been p resen ted .  R e s u l t s  show t h e  i nc reased  q u a n t i t y  and improved 
q u a l i t y  o f  t h e  STOL and STOVL t e s t i n g  i n  t h i s  f a c i l i t y .  
p lanned improvements c o u l d  produce even more complete d a t a  a c q u i s i t i o n  c a p a b i l -  
i t i e s  such t h a t  b o t h  r e s e a r c h  and a n a l y t i c a l  v e r i f i c a t i o n  d a t a  can be o b t a i n e d  
s i  mu 1 taneous 1 y . 
F u t u r e  t e s t i n g  w i t h  
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9- BY 15-FOOT 
-BALANCE CHAMBER 
VL E E S  
FIGURE 1.  - 9- BY 15-FOOT LOW-SPEED WIND TUNNEL AND 8- BY 6-FOOT SUPERSONIC WIND TUNNEL. 
1 1  
0 
4702 - 
FIGURE 2. - THREE-QUARTER Af 1 VIEW OF A 1 2 . 5  1'1 IRCI N I  r - 1 6 X I  SHORT IAKEOFF AND LANDING 
(STOL) DEMONSTRATOR MODEL I N  1 H t  9 BY 15-FOOT IOW SPtTI) WIND TUNNEL (LSWT). 
C-86-3408 
FIGURE 3 .  - FRONT VIEW OF A 7.5-PERCENT-SCALED. MODIFIED F - 1 5  SHORT TAKEOFF AND LANDING 
(STOL) DEMONSTRATOR MODEL I N  THE 9- BY 15-F001 IOW-SPEED WIND TUNNEL (LSWT). 
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ORIGlNAC PAGF 
BLACK AND wHl7-E PHOTOGRAPH 
FIGURE 4 .  - THREE-QUARTER FRONT VIEW OF A 9.2-PERCENT-SCALED SHORT TAKEOFF AND VERTICAL 
LANDING (STOVL) MODEL I N  THE 9- BY 15-FOOT LOW-SPEED WIND TUNNEL (LSWT). 
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\-GROUND PLANE AT 5’ 




.~ . ,  
( b )  TOP VIEW. 
FIGURE 5. - SCHEMATIC OF 1HE F-16XL/F-16 INSTALLED IN THE WIND TUNNEL. (ALL DIMENSIONS ARE GIVEN IN INCHES 
UNLESS INDICATED OTHERWISE.) 
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FIGURE 6 .  - MODIFIED F-15 INSTALLED ON LEWIS STANDARD Sl lCTION SUPPORT SYSTEM. 
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( a )  HOT GAS INGESTION STOVL MODEL AND SUPPORTING SYSTEM INSTAILED I N  THE 9- BY 15-FOOT 
LOW-SPEED WIND TUNNEL. 
,- PRESSURE CONTROL VALVE 
p s  )I/ p s  p s  
TO NASA LEWIS NITROGEN 
SUPPLY SYSTEM 
WATER F I L L  
SYSTEM 
-SHUTOFF VALVE 
F I L L  VALVE 2’ 
‘-VENT VALVE 
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L,[-J .,-WATER TANK 
F I N E  
/ ADJUSTMENT [k;- CHECK VALVE 
- 1  -1 1’ NEEDLE VALVES (4) a ,-SOLENOID / VALVES ( 4 )  
DUMP TANKS (4) 
FLEXIBLE L I N E S  (4) 
(ALLOW FOR 
450 P S I  HOT A I R  SUPPLY 
-FLEXIBLE L I N E S  (4 )  
I 
WATER INJECTION 
NOZZLES ( 4 )  -- 
VERTICAL HEIGHT CHANGE)’ 
TO TEST NOZZLE 
(b)  SCHEMATIC OF THE MODEL FLOW VISUALIZATION WATER INJECTION SYSTEM SHOWING VALVES AND STATIC PRESSURE. 
P,, PROBES. 
FIGURE 7. - SHORT TAKEOFF AND VERTICAL LANDING (STOVL) MODEL INSTALLATION. 
OR!G!NAL PAGE 
I!:.ACY APiD \,VHITE PHOTOGRAPH 
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ACOUSTIC TREATMENT 
TUNNEL BLEED SLOTS <0' 
I/ SIDEWALL BLEED SYSTEM 






I '+ GROUND PLANE WIND TUNNEL FLOOR- 
TRAP DOOR 
SCAVENGING SYSTEM _I 
FIGURE 8. - CROSS SECTION OF TEST SECTION SHOWING THE SIDEWALLS BLEED AND TRAP DOOR 
SCAVENGING SYSTEMS. 
-GROUND PLANE 
, 1'' AT 20' PITCH 
T ~ 
20.31 , , 
15.22 -GROUND PLANE 
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L k '  AT 5' PITCH ,- GROUND PLANE 
40.70 




( b )  MODIFIED F-15. 
336 -_I
-Cm AIR FLOW- - ' 
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7-1 
3- y I1 I1 lb -4 
t c )  SHORT TAKEOFF AND VERTICAL LANDING (STOVL) MODEL. 
FIGURE 9. - GROUND PLANE SCHEMTIC FOR SHORT TAKEOFF AND LANDING (STOL) AND 
SHORT TAKEOFF AND VERTICAL LANDING (STOVL) TESTING. 
GIVEN I N  INCHES.) 




---- NORTH WALL 
F-15 
F-16x1 
c SOUTH WALL 
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( a )  SHORT TAKEOFF AND LANDING (STOL)  RODELS. 
1 '"-NORTH WALL 
\ 
,-- TUNNEL RAKE 
4' 
-THERMOCOUPLE STRIP 







c THERMOCOUPLE STRIP 
11 ,,- SOUTH WALL 
CEILING (LOOKING DOWN) 
(b )  SHORT TAKEOFF AND VERTICAL LANDING (STOVL) MODEL. 
FIGURE 1 0 .  - TEST SECTION INSTRUMENTATIONS. 
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( a )  CWRESSOR-FACE RAKE. (VIEW 
LOOKING AFT.) 
SOUTH WALL 
( b) CONCLUDED. 
FIGURE 10. - CONCLUDED. 
I NSTRUENTATION 
0 TOTAL-PRESSURE PROBE 
0 WALL STATIC-PRESSURE TAP 




7 10 ,/:- 20 
(b )  MODEL OF VERTICAL T A I L .  
FIGURE 11. - F-16XL AND F-16 MODEL INSTRUNENTATION. (ALL RADII .  ARE GIVEN I N  INCHES.) 
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,- VERTICAL TAILS ( 3 0  T,) 
\ 
UPPER FUSELAGE (10 T,) 
'. 
I y A . rHORIZONTAL TAILS  (16 T,) 
JET AIR P SUPPLY (8 TT. 8 PT) 
* :  I 
I I I I 
/ I ;  
I ! ; ;  I
L NOZZLE EXITS (4 TT, 4 PT) INLET (8 T, 8 P T ) ~  
I 
I I 
L L O W E R  FUSELAGE (16 T,) 
ENGINE FACE (48 TT, 48 PT) 
( a )  SUNNARY. 
I NSTRUHENTAT I ON 
0 SURFACE AIR-TEMPERATURE 
0 SHIELDED TEMPERATURE 
PROBE 
PROBE 
9 5  9 5  60 37 7 . 5  7 . 5  37  60 
LEFT T A I L  RIGHT TAIL  
(b )  VERTICAL TAILS. (ALL MEASUREMENTS ARE EXPRESSED AS PERCENT 
OF CHORD. ) 
FIGURE 12. - MODIFIED F-15 MODEL INSTRUMENTATION. TOTAL INSTRUMENTATION: TOTAL-PRESSURE 
PROBES, PT, 68; TOTAL-TEMPERATURE PROBES, TT, 60; SURFACE TEMPERATURE PROBES, P, 80. 
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ANGULAR LOCATIONS OF 
COMPRESSOR FACE LEGS 



























































*’ RAKE ASSEMBLY 
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M I N  AND 
AUXILIARY 
INSTRUMENTATION 
0 TOTAL-PRESSURE PROBE 
0 STATIC-PRESSURE TAP 





( a )  COMPRESSOR FACE RAKE. (VIEW LOOKING DOWNSTREAM.) 
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t I 
(b )  FORWARD FUSELAGE UNDERSURFACE, 
( d )  AFT FUSELAGE SECTION. 
FIGURE 13. - CONCLUDED. 
INSTRUMENTATION 
0 STATIC-PRESSURE TAP 
0 STATIC-TEMPERATURE TAP 
TYPICAL INSTRUMENTED 
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FIGURE 14. - MODIFIED F-15 NODEL GROUND PLANE INSTRUMENTATION (INSTRUMENTATION AND MODEL RE- 
LATIONSHIP MAINTAINED AT O'. 15'. AND 30'). 
INSTRUMENTION 
0 TOTAL-PRESSURE PROBE 




e- 7.00 LEADING EDGE r RAKE 3 
FREE-STREAM MODEL 
SIDE 5.00 .-- 5.00 SIDE 
y 11-IN. HEIGHT, 
'- GROUND PLANE SURFACE 11-IN. RAKE 
(DOUBLE SIDED SHOWN: SINGLE SIDED HAS 
INSTRUMENTATION ON MODEL SIDE ONLY) 
Q-IN. RAKE 
(b )  STOVL MODEL GROUND PLANE RAKES. 
'- GROUND PLANE SURFACE 
( a )  STOVL MODEL. 
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0 57 (517) 
0 62 (522) 
a 66 (526) 
0 70 (530) 
17 78 (538) 
n 74 (534) 











(b) COMPRESSOR-FACE TOTAL-PRESSURE RECOVERY. 
FIGURE 16. - TYPICAL CONPRESSOR FACE CONTOUR NAPS AT ZERO YAW FOR THE MODIFIED F - 1 5 .  THRUST REVERSER ANGLE, 135'; NOZZLE 
PRESSURE RATIO, 2.70; INLET MACH NUMBER. 0.30; NOZZLE EXHAUST TEMPERATURE, 960 OR; FREE-STREAM VELOCITY, 100 KN.  
24 
( a )  VERTICAL TAIL TEMPERATURE CONTOUR. 
FIGURE 17. - TYPICAL AIRFRAME HEATING CHARACTERISTICS 
RATIO, 270; INLET MACH NUMBER. 0.30: NOZZLE EXHAUST 
40 
40 45 50 55 
MODEL FUSELAGE STATION, IN.  
(b )  FUSELAGE UNDERSURFACE A I R  TEMPERATURE DISTRIBUTION. 
FOR THE MODIFIED F-15. THRUST REVERSER ANGLE. 135': NOZZLE PRESSURE 
TEMPERATURE. 960 OR; FREE-STREAM VELOCITY, 100 KN. 
GROUND PLANE PRESSURE RATIO 
A 0.9882 K 0.9941 
B ,9888 L ,9947 
C ,9894 M .9953 
D .9899 N ,9959 
E .9906 0 .9965 
F .9911 P .9970 
G .9917 Q .9975 
H ,9928 R .9982 
I .9929 S ,9988 
J .9935 T ,9994 
u 1.0000 
/ .  
/ - 1  
4- 
0 INLET PLANE c - -.- B .W - 
I I \ " 
\ \  0 PLANE 
\ ,  
8 0 -8 -16 -24 
DISTANCE FROM INLET PLANE, I N .  
( a )  TEMPERATURE PROFILE. (b )  STATIC PRESSURE CONTOUR. 
FIGURE 18. - TYPICAL GROUND PLANE PROFILES FOR MODIFIED F-15 CONCEPT. THRUST REVERSER ANGLE. 135'; NOZZLE PRESSURE 
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( a )  TEMPERATURE RISE. AVERAGE TEMPERATURE RISE. 44 OF: ( b )  PRESSURE CONTOUR. AVERAGE PRESSURE RECOVERY, 
TEMPERATURE DISTORTION, 0.103. 0.9827; PRESSURE DISTORTION, 0.052. 
FIGURE 19. - TYPICAL CONTOUR MAPS AT THE COMPRESSOR FACE FOR NODEL 279-3C. (LOOKING UPSTREAM.) 
"' w 2% 




( a )  UNDERSURFACE OF MODEL 279-3C. 
0 WITHOUT LID'S (CLEAN) 
(b )  A I R  TEMPERATURE DISTRIBUTION. 
FIGURE 20. - MODEL 279-3C UNDERSURFACE A I R  TEMPERATURE DISTRIBUTION. MAIN GEAR HEIGHT, 0.43 I N . ;  NOZZLE PRESSURE RATIO, 3.02; COMPRESSOR- 
FACE MACH NUMBER, 0.40; FORWARD NOZZLE SPLAY. -6': PITCH ANGLE. 6.5'; NOZZLE EXHAUST TEMPERATURE, 960 OR; HEADWIND VELOCITY, 23 KN. 
26 
( a )  TEMPERATURE CONTOUR. 
( b )  PRESSURE CONTROL. 
F IGURE 21. - TYPICAL GROUND PLANE CONTOURS FOR THE STOVL CONCEPT (MODEL 279-3C). 
27 
( a )  NEAR-FILLD FLOW CHARACTERISTICS. 
(b) FAR-FIELI)  SEPARAIION CHARACTERISTICS. 
FIGURE 22. - FLOW V I S U A L I Z A T I O N  RESULTS. 
28 
FIGURE 23. - PROPOSED MODEL INTEGRATED SUPPORT SYSTEM (MISS) FOR VERSATILE AND EFFICIENT 
RESEARCH TESTING. 
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